Abstract. At present, there have been no standard research outcomes as to whether the levonorgestrel intrauterine system (LNG-IUS) or thermal balloon ablation (TBA) is superior for the treatment of patients suffering from heavy menstrual bleeding (HMB). Therefore, in the present study, a meta-analysis of randomized controlled trials (RCTs) was conducted in order to compare the effectiveness and affordability of the LNG-IUS with TBA in the treatment of HMB. A literature search of the following electronic databases was conducted: PubMed, EMBASE, the Cochrane Library, Google Scholar, the Chinese Scientific Journals Database, and the China National Knowledge Infrastructure; and a statistical analysis was performed using RevMan 5.2 software. Seven RCTs involving 467 patients (235 LNG-IUS, 232 TBA) met the inclusion criteria for the present study. As assessed by pictorial blood loss assessment chart (PBAC) scores, the LNG-IUS significantly reduced menstrual bleeding after 24 months [standardized mean difference (SMD), -0.86; 95% confidence interval (CI), -1.22 to -0.50; P<0.00001]. Furthermore, the total treatment cost of the LNG-IUS was lower than that of TBA (SMD, -2.35; 95% CI, -2.98 to -1.72; P<0.00001). However, at the 24 month follow-up, side effects such as amenorrhea occurred more frequently in patients treated with the LNG-IUS, as compared with TBA (relative risk, 2.49; 95% CI, 1.46-4.25; P=0.0008). No significant differences in hemoglobin levels and quality of life were demonstrated between the two treatment groups. The results of the present meta-analysis suggest that the LNG-IUS may be more effective and affordable than TBA as a long-term treatment (24 months) for HMB. However, following 12-24 months of treatment, side effects such as amenorrhea may be more frequent in patients treated with the LNG-IUS. When considering short-term treatment for HMB, controversy remains regarding the two methods and further studies are required to precisely evaluate the outcomes.
Introduction
Heavy menstrual bleeding (HMB), also known as menorrhagia, is defined as excessive cyclical menstrual bleeding (>80 ml) per menstrual cycle (1) . HMB has an enormous impact on women's health and quality of life; therefore, it is unsurprising that HMB is estimated to be the third major cause of visits to gynecology outpatient clinics. Medical therapy is currently the standard treatment for menorrhagia, however it is not always effective. The overall post-operative complication rate is ~9%, of which 1% of cases are considered to be severe, with a mortality rate of 0.38 per 1,000 patients (2) . When other treatments are unsuccessful, a hysterectomy may be performed (3) . However, there are various alternatives, such as the levonorgestrel intrauterine system (LNG-IUS) and thermal balloon ablation (TBA), and these second line therapies for menorrhagia may offer potential advantages, including: Reduced morbidity, shorter recovery times, lower cost, fewer serious complications, and an earlier return to routine activities (3) .
The LNG-IUS (Mirena, Leiras Oy, Turku, Finland) is a potentially minimally-invasive surgical technique used in the treatment of menorrhagia. Furthermore, in addition to being economic, effective and reversible in terms of fertility (4) , this simple procedure can be performed clinically and does not require analgesics. TBA (ThermaChoice, Gynecare Inc., Menlo Park, CA., USA) is a novel ablative tool that requires less advanced surgical skills, similar to those required for the insertion of an intrauterine contraceptive device (5) . TBA is considered to be a valid and effective minimally invasive surgical alternative to hysterectomy (6) .
In terms of their clinical efficacy, previous studies have compared the LNG-IUS and TBA; however, a consensus on which treatment approach is superior has yet to be reached. Four trials have determined the LNG-IUS to be more effective in reducing HMB for at least 1 year (7-10); however, another study demonstrated there was minimal difference between the two groups with regards to menstrual scores (11) . In addition, a previous study reported that TBA appeared to be the more efficient method in the reduction of pictorial blood loss assessment chart (PBAC) scores, as compared with the LNG-IUS (12) .
The main objective of the present meta-analysis was to include all of the available data from previous RCTs comparing TBA with the LNG-IUS in the treatment of HMB, including parameters such as: The patients' acceptance, the efficacy, cost effectiveness, and side effects of the two treatment options.
Materials and methods
Ethics statement. The present meta-analysis was conducted in accordance with the guidelines set out by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Statement issued in 2009 (Checklist S1) (13) . All findings were evaluated according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system (14) .
Literature search and selection criteria. Relevant studies were identified using the following electronic databases: PubMed (http://www.ncbi.nlm.nih.gov/pubmed/), EMBASE (http://www.embase.com/search), the Cochrane Library (http://www.cochranelibrary.com/), Google Scholar (http://scholar.google.com/), the Chinese Scientific Journals Database (http://cstj.cqvip.com/), and the China National Knowledge Infrastructure (http://www.cnki.net/). Search terms included: "levonorgestrel intrauterine system"; "levonorgestrel intrauterine device"; "thermal balloon ablation"; "heavy menstrual bleeding"; "menorrhagia" and "randomized controlled trials." To identify additional potentially eligible studies, manual searches were conducted by reviewing textbooks, review articles and the reference lists of retrieved studies. Eligibility was not limited according to the year of publication, whereas eligible languages were restricted to English and Chinese. The literature search was independently conducted by two authors, with any discrepancies resolved in discussion with the third author. The authors or principal investigators were contacted for original information, where necessary.
Inclusion and exclusion criteria. All RCTs that compared the use of TBA with the LNG-IUS in patients with HMB were retrieved. To be considered eligible for inclusion in the present meta-analysis, the respective RCTs had to include: i) At least one of the outcome measures outlined; ii) data points presented as the mean ± standard deviation (SD); iii) all continuous data presented as the median and/or range, with original information gathered by contacting the corresponding authors; iv) patients who had failed or refused to undertake other regular medical treatments; and v) a follow-up appointment within 3-24 months.
Potentially eligible RCTs were excluded from the present meta-analysis if: i) They included patients that currently received any form of hormone therapy or had previously undergone a hysterectomy; ii) all data were presented as the median and/or range, and there was no possibility of obtaining the original information by contacting the corresponding authors; or iii) the patients displayed any additional intrauterine pathology. The final RCTs selected were as follows: (12) and Tam et al (18) .
Outcome measures. Objective analyses focusing on the following outcome variables were undertaken: i) Menstrual blood loss reduction at 3, 6, 12 and 24 months, as evaluated by PBAC scores; ii) increases in hemoglobin levels at 6 and 12 months; iii) amenorrhea rates at 3, 6, 12 and 24 months; iv) overall quality of life, as measured by the Short Form-36 (SF-36) (15); v) total cost; and (vi) discontinuation rates at 3, 6, 12 and 24 months.
Data extraction.
A pre-designed data extraction table was used by independent reviewers to extract the characteristic data from the eligible articles. Discrepancies were resolved through discussion or, if required, consultation with another author. In the event that RCTs presented outcomes in an unfavorable format; attempts were made to contact the authors for the original information. Data regarding the primary author's name, time of publication, study design, study population, length of follow-up, and outcomes were extracted (Table I) . The study quality of the RCTs was evaluated according to the method for RCTs, as described in the Cochrane Reviewer's Handbook 5.0 (16) .
Assessment of risk of bias. All RCTs included in the present meta-analysis were assessed for the following risks of bias according to the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions: Random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias) and selective reporting (reporting bias). Furthermore, the GRADE system was used to evaluate the evidence levels of the present meta-analysis, as recommended by the Cochrane Collaboration. Accordingly, the outcome measures for the LNG-IUS or TBA were graded as either: Very low, low, moderate, or high.
Statistical analysis. Data were analyzed using RevMan 5.2 software (The Nordic Cochrane Center, Copenhagen, Denmark)
to conduct the meta-analysis. The relative risk (RR) with the corresponding 95% confidence interval (CI) was utilized for dichotomous data; whereas mean differences (MDs) or standardized mean differences (SMDs) with 95% CIs were used for continuous data. Pooled estimates were calculated using the fixed-effect (Mantel-Haenszel test) or the random-effect (DerSimonian-Laird method) models. A random-effect model was applied when significant heterogeneity was found between the studies (P<0.10; I2>50%); otherwise, a fixed-effect model ; d High quality, further research is very unlikely to change our confidence in the estimate of effect; moderate quality, further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; low quality, further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; very low quality, we are very uncertain about the estimate. was used. P<0.05 was considered to indicate a statistically significant difference.
Results
Literature search. Studies were selected as outlined in Fig. 1 . A total of 782 records were identified following comprehensive searches. However, the majority of these studies were non-randomized cohort studies, retrospective studies, case reports, or other forms of investigation that did not meet our inclusion criteria. Consequently, 639 studies were excluded by removing duplicate literature and through review of citations. Abstracts from 143 articles were reviewed and an additional 78 trials were excluded, permitting 65 reviews for full publication review. A total of 11 RCTs were considered appropriate for analysis (7) (8) (9) (10) (11) (12) (17) (18) (19) (20) (21) . However, one of the 11 studies was subsequently excluded as the patients included all possessed large myomas (19) . In addition, three further studies were excluded for the following reasons: Data was not presented as mean ± SD (10), and we were unable to contact the corresponding author; only a 5 year follow-up was reported (20) ; and the LNG-IUS was compared to endometrial ablation rather than TBA (21) .
Quality assessment. The remaining seven articles reported the details of random-sequence generation using computer-generated randomization (7) (8) (9) 11, 12, 17, 18) . Three trials reported allocation concealment with a sealed envelope (7,9,12); however, concealment of allocation was deemed to be an unclear risk in the additional studies, as it was not reported. Single or double blinding was not possible in any of the studies. The risks of bias are summarized in Figs. 2 and 3 .
The outcomes of the RCTs were analyzed and rated using a GRADEprofiler (http://www.gradeworkinggroup. org/society/index.htm) and some limitations were determined concerning the study design, execution, and the inconsistency of results; whereas no obvious indirectness or imprecision was detected. The quality of each outcome from the studies examined is shown in Table II .
Outcomes and synthesis of results. Four studies, which compared the PBAC scores between the respective LNG-IUS and TBA groups, were included in the present meta-analysis (8,9,11,12). As outlined in Fig. 4A , the PBAC scores were divided into four subgroups (3, 6, 12 and 24 months). There were no significant differences in PBAC scores determined between the two groups at 3 months (SMD, 0.11; 95% CI, -0.65-0.86; P=0.79), 6 months (SMD, -0.10; 95% CI, -0.54-0.33; P=0.65), or 12 months (SMD, 0.41; 95% CI, -1.47-2.28; P=0.67). However, there was a significant difference in PBAC scores following 24 months of treatment (SMD, -0.86; 95% CI, -1.22 to -0.50; P<0.00001). Statistical heterogeneity was determined among the studies (χ 2 =101.09, I 2 =91%; P<0.00001); therefore a random-effect model was used. At the 24 month follow-up, patients in the LNG-IUS group demonstrated improved clinical benefit and increased control of blood loss, as compared with that of the TBA group. No significant differences were found between the two treatment groups at 3, 6 and 12 months.
The hemoglobin levels of the subjects were divided into two subgroups (6 and 12 months) dictated by the period of time that elapsed between treatment and the collection of the Hb data (7, 8, 12, 18) . As notable statistical heterogeneity was observed among the subgroups (χ 2 =16.01, I 2 =75%; P=0.003), a random-effect model was used. Meta-analysis of the increased Hb values demonstrated no significant differences between the LNG-IUS and TBA groups at 6 months (SMD, -0.17; 95% CI, -0.58-0.25; P=0.43) or 12 months (SMD, -0.04; 95% CI, -0.88-0.79; P=0.92) (Fig. 4B) .
Patients in both the LNG-IUS and the TBA groups suffered with the side effect of amenorrhea; therefore, a meta-analysis was conducted to compare the outcomes of the two groups (7, 9, 11, 18) . The data were subsequently divided into four follow-up subgroups (3, 6, 12 and 24 months) At 3 months, a significant difference was detected (RR, 0.29; 95% CI, 0.12-0.73; P=0.009); whereas at 12 and 24 months, the opposite was determined (RR, 1.65; 95% CI, 1.15-2.38; P=0.007 and RR, 2.49; 95% CI, 1.46-4.25; P=0.0008, respectively). No significant difference was detected at the 6 month follow-up (RR, 0.78; 95% CI, 0.37-1.65; P=0.51). As no significant heterogeneity was found between the subgroups, a fixed-effect model was applied to evaluate the statistics (I 2 <50%). Thus, the authors of the present study concluded that, 3 months after treatment, patients in the TBA group experienced greater amenorrhea, as compared with those in the LNG-IUS group. The results were adverse at 12 and 24 months and no significant difference was determined between the two groups after 6 months (Fig. 5) .
The overall quality of life of the patients was reported in two studies, as measured by SF-36 scores (9, 17) . As demonstrated in Fig. 6 , subsequent analysis of these studies determined that there were no significant differences in the SF-36 scores between the groups (MD, 3.77; 95% CI, -1.84-9.38; P=0.19). A fixed-effect model was applied as there was no obvious statistical heterogeneity (χ 2 =0.10, I 2 =0%; P=0.76). Data concerning the total cost of treatment between the groups was supplied in one study (17) and, as exhibited in Fig. 7 , TBA treatment was considerably more expensive, as compared with the LNG-IUS treatment (SMD, -2.35; 95% CI, -2.98 to -1.72; P<0.00001).
Discontinuation of t reatment rates f rom f ive studies (7) (8) (9) 11, 17) were analyzed using a fixed-effect model, as no notable statistical heterogeneity was detected (χ 2 =18.21, I 2 =23%; P=0.20). Fig. 8 presents the comparison between the LNG-IUS and TBA groups following 3 months of treatment, and no significant difference in the discontinuation rate was detected (RR, 2.07; 95% CI, 0.59-7.24; P=0.26). However, following 6 and 12 months of treatment, the TBA group showed a substantially lower discontinuation rate, as compared with the LNG-IUS group at both the 6 month (RR, 3.49; 95% CI, 1.35-9.01; P=0.01) and 12 month follow-ups (RR, 2.60; 95% CI, 1.36-4.99; P=0.004). However, after 24 months, no statistical disparity was observed (RR, 1.30; 95% CI, 0.84-2.00; P=0.24), consistent with the findings at the 3 month follow-up.
Discussion
HMB is one of the most common gynecological disorders affecting women of reproductive age, accounting for 20% of all gynecological visits to general practitioners (11) . HMB is associated with a lower quality of life, loss of productivity, and increased healthcare expenses (22, 23) and in usual practice, it is initially treated pharmacologically (12), with tranexamic acid and norethisterone believed to be the most effective (12) . Surgical treatment for HMB often follows unsuccessful or ineffective medical therapy; however hysterectomy is a major surgical procedure with significant physical and emotional complications, in addition to the social and economic cost. Various minimally invasive surgical techniques, such as TBA, the LNG-IUS, transcervical resection of the endometrium, microwave ablation, diffused laser energy ablation, bipolar impedance-controlled ablation, cryoablation, hot saline instillation (24, 25) , and various methods of endometrial ablation Figure 4 . Forest plots of (A) the pictorial blood loss assessment chart (PBAC) scores and (B) the hemoglobin levels determined from the included studies. Data are presented as the standardized mean difference with 95% confidence intervals (CI). LNG-IUS, levonorgestrel intrauterine system; TBA, thermal balloon ablation; SD, standard deviation.
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have been developed, with the purpose of improving menstrual symptoms, and these have achieved great success. In 1994, TBA was initially described as a technically simple, minimally invasive surgical alternative to hysterectomy almost free of intraoperative complications (5) . The main advantage of this novel technique was that treatment could be carried out under local anesthetic. Previous studies have demonstrated that TBA is as effective as endometrial resection (6) and is superior to hysteroscopic techniques in the treatment of dysfunctional menorrhagia (26) . The LNG-IUD was developed in Finland during the 1980s, and is an intrauterine device that releases 20 µg levonorgestrel every 24 h over 5 years. Although initially licensed as a contraceptive, in 1990 the LNG-IUS was tested and reported to be effective in the treatment of menorrhagia, as a non-contraceptive benefit (27) and LNG-IUS is reported to have >4 million users worldwide (28) . Previous controlled trials and case studies have demonstrated significant reductions in menstrual blood loss (74-97%) following treatment with the LNG-IUS (29) , and the LNG-IUS has been widely accepted by patients with HMB due to its simplicity, reversibility, and relatively low complication rate.
The present meta-analysis compared the efficacy and safety of TBA with the LNG-IUS using primary and secondary outcome measures. Menstrual blood loss, quantified using PBAC scores, was considered the most significant outcome. Four RCTs were analyzed with regards to PBAC in the present study, and following 24 months of treatment with the LNG-IUS, 50% reported significantly decreased PBAC scores as compared with TBA (8, 9, 11, 12) . Two studies (8, 9 ) demonstrated a decrease in PBAC scores following 12 months of treatment with either the LNG-IUS or TBA, whereas another study (12) reported the opposite result and the present meta-analysis established that there was no significant difference between the LNG-IUS and TBA. Furthermore, an increase in hemoglobin levels demonstrated the effectiveness of TBA and the LNG-IUS, and the present meta-analysis concluded that there were no differences between the two treatments.
Following TBA or LNG-IUS treatment, numerous complications may occur, such as: Irregular bleeding, persistent spotting, amenorrhea, mastalgia, weight gain, mood swings, bloating, acne, greasy skin, nausea, headache, reduced libido, leg pain, dysmenorrhea, and lower abdominal pain. In order to compare the subsequent amenorrhea rates following treatment with either the LNG-IUS or TBA, five RCTs (7) (8) (9) 11, 17) were pooled and, following 12 and 24 months of treatment, the present meta-analysis demonstrated that the TBA group suffered considerably less amenorrhea, as compared with the LNG-IUS group. However, this outcome was different following 3 months of treatment. When evaluating the discontinuation rate between the LNG-IUS and TBA groups, the present meta-analysis determined that, following 6 and 12 months of treatment, a greater number of patients who were treated with the LNG-IUS withdrew, as compared with those in the TBA group. However, no differences were observed following 3 and 24 months of treatment.
The present meta-analysis also evaluated the secondary outcome measures, such as the cost of treatment and patients' quality of life, between the two treatments. One RCT (17) compared the total treatment cost between the LNG-IUS and TBA groups, the results of which determined that the LNG-IUS was more cost-effective, as compared with TBA, for the treatment of HMB. The quality of life of the patients was measured using SF-36 scores pooled from two RCTs (9, 17) , and no significant difference was observed between the LNG-IUS and the TBA groups.
The present meta-analysis of RCTs compared the clinical efficacy, safety, cost-effectiveness, and acceptance of the LNG-IUS and TBA in patients suffering from HMB, and the results may suggest that, as a long-term treatment therapy, the LNG-IUS is of greater benefit to patients than TBA. Although the LNG-IUS is more likely to be associated with long-term amenorrhea, it is more efficient in reducing patient blood loss (PBAC scores) and more cost-effective compared with TBA. Therefore, LNG-IUS has advantages over TBA as a long-term treatment. Regarding amenorrhea, as the LNG-IUS is a reversible device placed in the uterus, it may be reversible for patient's menstrual period following treatment. At the Figure 8 . Forest plots of the risk ratio and the 95% confidence interval (CI) for the discontinuation rates. LNG-IUS, levonorgestrel intrauterine system; TBA, thermal balloon ablation.
24 month follow-up appointment, the total cost of treatment and the PBAC scores were significantly decreased in patients treated with the LNG-IUS. However, the patients' quality of life, measured by the SF-36 scores, and hemoglobin levels were not significantly different between the two treatment groups. For relatively short term treatment (6-12 months) TBA was determined to be more acceptable to patients as the discontinuation rate within the TBA group was decreased, as compared with that of the LNG-IUS group. However, for long-term treatment (24 months), no difference was detected between the groups, and this may suggest that patients became equally acceptable to these two methods; however, following 12 and 24 months of treatment, the most significant side effect, amenorrhea, occurred in a greater number of patients who were treated with the LNG-IUS. Therefore, the present study may provide gynecologists with an evidence-based strategy for choosing between treatments for HMB.
Although a conclusion was achieved in the present study, the following three possible limitations should be considered:
i) The present meta-analysis was limited to seven studies with 467 subjects, and the sample size was not large enough to draw a substantial conclusion; ii) significant heterogeneity may have remained due to the complication of subjective or objective factors such as study design, methodology, follow-up period, and outcome variables; therefore, to alleviate the heterogeneity and determine a conservative estimate, a random-effect model was employed. iii) Funnel plots evaluating the risk of publication bias were not attempted as there were only a limited number of studies and the results may have been unreliable.
In conclusion, the present meta-analysis provided preliminary evidence that, for the treatment of patients with HMB, the LNG-IUS may be superior to TBA with regards to a reduction in PBAC scores following long-term treatment, and the total cost of treatment. This evidence may be useful to gynecologists in choosing a therapy for patients with HMB. Nevertheless, further more well-designed RCTs are required to explore the differences between the LNG-IUS and TBA.
